In-house litter composting has been reintroduced to the industry and shown to reduce bacteria by as much as 2 orders of magnitude. Other industries have demonstrated that pathogens can recolonize a waste-residual when microbial competition has been reduced or inhibited following composting. Poultry growers, in the process of shifting to in-house composting for pathogen control, should be aware of this potential problem. A laboratory microcosm study investigated pathogenic bacteria recolonization into composted and noncomposted broiler litter over a simulated broiler grow-out cycle. Objectives were to: 1) determine colonization potential for zoonotic and poultry bacterial pathogens, 2) identify beneficial bacteria which reduce pathogen recolonization, and 3) identify the effects of ammonia on pathogen recolonization. Composted broiler litter allowed Listeria and Campylobacter to colonize within the first 2 wk of the grow-out period while noncomposted litter resisted colonization. Colonization was nearly identical by the end of the grow-out period, and showed that bacterial pathogens had essentially been overtaken by commensal or normal bacteria. 16S rRNA libraries demonstrated reductions in Proteobacteria associated with composted litter (48 vs. 16%), which may indicate that this phylum occupies a niche which zoonotic pathogens prefer to occupy. Ammonia generation neither inhibited nor promoted bacterial colonization, as levels were high for both litter treatments. This study neither suggests nor condemns the continued use of this cost-effective, litter-treatment process; findings suggest that while the beneficial microbial population was initially reduced, it quickly recovered and pathogen colonization was neither enhanced nor inhibited because of this. This study demonstrates that the recently adopted in-house composting process may continue to be used, provided poultry health gains continue to be seen.
top 10 cm litter) can temporarily reduce bacterial loads [2] . While these approaches are still useful, an alternative and cost-effective method for pathogen reduction is needed. Recently, the poultry industry has adopted an in-house windrow composting method to reduce nuisance and foodborne pathogens; however, little research exists in this area [3] [4] [5] . The process begins immediately following the removal of a broiler flock (to allow maximum time for the windrow to achieve optimum internal temperature (50 to 55
• C), when the grower pushes cake and litter into windrows running the length of the house. The windrows are maintained, with or without turning, for approximately 5 to 12 d prior to redistribution throughout the house [3, 5] ; the length of time depends on time between flock and operator availability. Maximum temperature is achieved within the first 24 to 48 h and may hold constant for approximately 40 h [5] . Typically, temperatures of 55
• C, held for approximately 3 d is enough to pasteurize in-house composted litter [5] . A 1 to 2 log 10 pathogen reduction has been observed [3] [4] [5] ; however, similar reductions may also occur during standard deflocking and decaking procedures [1, 6] . Though log 10 reductions appear to be similar for in-house composting and decaking, it remains to be seen if the composting procedure has further "downstream" effects.
The heating process and subsequently generated NH 3 indiscriminately reduce microbial populations; however, as other composting and pasteurization processes have demonstrated, altering or removing the occupants from an ecological niche may allow opportunistic bacteria, including pathogens, to recolonize quickly and aggressively [7, 8] . This phenomenon can produce pathogen densities greater than precomposting levels, and is a function of either additional moisture, introduction through wildlife, or regrowth of thermotolerant populations [8] . Though this phenomenon has yet to be demonstrated in the poultry litter environment, it has been demonstrated in other composted wastes [7, 9] . For instance, research has demonstrated Salmonella repopulation in composted or dried biosolids [8, 9] . It is likely that pathogens can recolonize in-house composted litter to levels equal to or greater than their initial levels, provided specific environmental factors are met when the birds are reintroduced to the composted litter. Factors include ambient temperatures of 25 to 35
• C, added moisture and organic matter from fresh fecal droppings, the presence of new hosts in the form of susceptible young chicks, and a reduced competitive litter and gut microflora [10] .
Therefore, the primary objective of this study was to determine the colonization potential of inoculated foodborne and nuisance bacterial pathogens in in-house composted and traditionally managed broiler litter in a controlled microcosm study. A secondary objective investigates the effect of in-house composting on ammonia generation and the total microbial population. The study tests the hypothesis that colonization of Salmonella, Campylobacter, Listeria, and Clostridium occurs and is maintained in composted litter due to reduced competitive litter microflora.
MATERIALS AND METHODS

Litter Collection and Setup
A local broiler operation supplied fresh broiler litter (pine shavings) for the initiation of the study. The operation houses approximately 25,000 broilers per house for approximately 7.5 wk and had been continuously operated through 5 flocks. Litter was collected approximately to the soil base, as would be practiced for in-house composting. Litter was then transported back to the laboratory, stored for 1 d, then placed into composting and standard treatment practices. Litter was placed atop flat aluminum 1 m 2 containers housed in a shaded greenhouse at approximately 27
• C. Litter, to be composted, was formed into piles measuring approximately 0.8 × 0.8 × 0.5 m (e.g., windrows). To mimic industry and research practices, the composted litter was not decaked prior to windrow formation [4] . Compost treatments were maintained for a minimum of 3 d without turning, and then leveled out on d 5, following the temperature drop. This approach followed industry recommended practices, though ideally, some have suggested a 10-d composting with turning every 3 d [5] . Noncomposted litter was decaked, according to normal farm operating procedures and spread to an even depth of 10 cm. These 2 litter treatments will be henceforth known as composted and noncomposted litter, respectively. Three replicate windrows or piles per treatment were created. Temperature probes were placed at the top and middle of the piles, approximately 9 and 25 cm below the surface of the litter, respectively. Temperature probes were logged on a HOBO H21-002 microstation logger [11] .
Microcosms
Microcosms consisted of capped polypropylene jars (1 L) filled with composted or noncomposted litter. Litter was collected, homogenized, and placed in microcosms jars following 5 d composting. Plastic covers were fitted with sampling and recirculation ports to facilitate gas collection. Each microcosm jar was disinfected with 10% bleach, chlorine quenched with 10% sodium thiosulfate (Na 2 S 2 O 3 ·5H 2 O), and washed twice with deionized water prior to litter placement. A total of 250 g either composted or noncomposted litter was evenly spread out into each respective jar at approximately similar packing densities, approximately 7.5 cm below the top of the jar. Thirty microcosm jars (2 × 5 × 3) comprised 2 treatments (composted or noncomposted litter), inoculated with one of 4 organisms or a control which received no inoculation, and replicated in triplicate were placed in incubators.
The microcosm study period consisted of 3 phases: 1) preflock litter leveling, 2) growout with pathogens, and 3) grow-out without pathogens. The microcosms were incubated for 57 d, with d 1 to 5, 6 to 35, and 36 to 57 for Phases 1, 2, and 3, respectively. Phase 1 consisted of incubation at 30
• C for d 1 to 5 to simulate the preflock litter leveling period. Each litter microcosm (composted and noncomposted litter) was amended at the end of d 5 with poultry fecal matter (40 g) inoculated with ATCC strains [12] cfu/mL. Cultures were centrifuged three times at 5,000 × g for 30 min, decanted, and washed with sterile physiological saline. Cultures were used to inoculate fresh fecal matter to approximately 6 log 10 cfu/g. Cultures were slowly added (5 mL, via serological pipette) to each fecal matter mixture and manually mixed; each microcosm received a separate pathogen. An initially high pathogen level was chosen to mimic a high-shedding bird [14] . Control microcosms were amended with uninoculated poultry fecal matter. The litter and fecal matter were evenly distributed within the jar and continued incubation at 30
• C until d 7. The second phase was marked by the brooding period (d 8 to 14) of the grow-out cycle whereby microcosms were transferred to a 35
• C incubator. Beginning d 15, microcosms were transferred back to a 30
• C incubator to continue the grow-out cycle (d 15 to 35). During Phase 2, microcosms were amended (i.e., surface-applied) with fresh fecal matter (40 g) inoculated with each pathogen after litter samples and NH 3 measurements were taken on d 15, 22, and 29. Days 36 to 57 consisted of adding pathogen-free fresh fecal matter (40 g) after each sampling event, thus mimicking a mature broiler with a more developed intestinal microbial flora, which may resist foodborne pathogen colonization [10, 14] .
Sample collection. Samples were collected once per week for the length of the 57-d microcosm study (d 8, 15, 22, 29, 36, 43, 50, and 57). Litter subsamples (10 g) were collected from each of 3 replicate microcosms at the start of each week, prior to fecal matter addition, but after NH 3 measurement. Two 10-g subsamples were collected for moisture and microbial analyses. Moisture analysis was conducted by weighing out 10 g fresh, moist portions (m) of each sample followed by drying at 104
• C for 24 h and weighing the dried (d) material. Litter moisture was calculated via equation 1.
Bacteriological analyses. Prior to analyses, 10 g subsample was collected from each of 3 replicate microcosms per treatment at each time and was each added to 95 mL sterile saline (0.85% NaCl) in a sterile bottle and homogenized by vigorous shaking on an orbital shaker for 10 min [15] . Heterotrophic plate count bacteria (HPC) were determined by spread-plating onto half strength Reasoner's 2 Agar [16] and incubated at 35
• C for 2 h followed by 14 d at 30
• C. S. enterica was assayed by plate dilution to Hektoen agar [17] and incubated at 42
• C for 24 h. Following incubation, Salmonella-positive colonies appeared blue/green with a black center. Campylobacter was assayed via 10-fold serial dilution and plating to Preston agar [18] , and incubated at 42
• C for 48 h under microaerophilic oxygen conditions (2% vol/vol) created by an Anoxomat gas generation system [19] . Positive colonies appeared as small punctiform or mucoidal colonies. Clostridium perfringens was assayed via 10-fold dilution and plating to mCP agar [20] and incubated for 24 h at 44.5
• C under anaerobic conditions generated by the Anoxomat system. Positive colonies appeared as beige colonies and were confirmed via exposure to NH 4 OH fumes; a pink to pink/purple colony color indicated a positive reaction [21] . L. monocytogenes was assayed via 10-fold dilution and plating to Oxford agar [22] and incubated at 35
• C for 48 h. Positive colonies appeared as grey small colonies surrounded by black precipitate.
Quantitative PCR. In addition to culture analyses, quantitative PCR (qPCR) was utilized to measure total eubacterial 16S rRNA, Salmonella, and Campylobacter. The qPCR was conducted on samples collected at d 8 and 50. The combined use of cultivation and molecular techniques enabled the simultaneous detection and comparison of cultured bacteria and detectable DNA from total eubacteria, S. enterica, and Campylobacter jejuni. Particularly, for difficult to culture organisms such as C. jejuni, qPCR provided an opportunity to limit sensitivity issues, particularly with sample matrices which contained a high background bacterial population. Prior to qPCR, a 1.0-g aliquot was collected from each of 3 replicate microcosms per treatment at each time point and was subjected to DNA extraction using a Mobio Power Soil Microbial DNA kit [23] . The kits were chosen for their ability to remove significant inhibitory substances such as humic acids, which are present in large amounts in poultry litter. The samples were then subjected to analysis via qPCR using an Applied Biosystems 7300 real-time PCR amplification system [24] . Primers and amplification conditions specific for 16S rRNA, Salmonella, and Campylobacter were followed from previous studies [25] .
16S rRNA library analysis. The uncultivated microbial population at d 8 and 50 was determined in composted and noncomposted microcosms and analyzed via clone library analysis. DNA for clone libraries was taken from DNA extracted for qPCR analysis. Clone libraries were generated via PCR amplification using the 16S rRNA gene with previously defined conditions and primers [6] . The aim was to include approximately 500 clones from each microcosm sample, at each time point, to determine qualitative changes in phylogeny. Sequences were screened for quality, trimmed, and contiguous 16S rRNA sequences (∼ 1,500 bp) completed using Sequencher 4.10 [26] . Qualitative differences between the 2 treatments were performed as stated previously [6] using the Ribosome Database Project [27] and the Mothur program [28] for sequence identification, and library and operational taxonomic unit (OTU) analyses and comparisons, respectively.
Ammonia. Equilibrium ammonia gas concentrations in the microcosms were measured using a photoacoustic multigas analyzer. Gas samples were collected at d 8, 15, 22, 29, 36, 43, 50 , and 57 during the leveling and grow-out periods (microcosm portion of the study) [29] . Air within the microcosm was circulated through the analyzer via its pump and returned to the microcosm using a recirculation tube. The recirculation technique allows multiple measurement cycles to very accurately assess ammonia concentration in a short time period (less than 5 min per microcosm). The photoacoustic infrared detection technique [30] reflects infrared light off a mirror and passes the reflected light through a mechanical chopper, allowing the light to pulsate through an optical filter. The filter selects for light bound to ammonia gas. The pulsation causes the gas temperature to increase and decrease, which also creates pressure changes within the enclosed analysis cell. Two microphones measure the acoustic signal created by the pressure change that is proportional to the concentration of the ammonia gas.
Statistical analyses. The cfu of each inoculated pathogen and heterotrophic plate count bacteria were calculated from each microbial assay via equation 2. cfu = colonies/(dilution × assay volume) (2) Prior to statistical analyses, cfu/gram (dry) litter was converted to geometric means. Composted and noncomposted litter treatments were compared via ANOVA with differences between means determined via Fisher's protected least significant difference. Ammonia levels were compared using ANOVA. Statistical significance in Mothur was corrected for pairwise comparisons (i.e., 12) by defining an alpha value of 0.05/12 = 0.004. Otherwise, all statistical analyses were significant at an alpha value below 0.05.
RESULTS AND DISCUSSION
Composting Temperatures
Composted and noncomposted litter treatments increased temperature and reached 30
• C by 24 and 30 h, respectively; composted piles reached 50 to 55
• C while noncomposted piles reached 35 to 40
• C at the 30-h time point, depending on probe placement. Composted piles maintained a temperature of >50
• C for approximately 33 h, at which point temperatures dropped to that of the noncomposted treatment (25 to 35
• C), which was maintained throughout the remainder of the composting period (5 d). Overall, temperatures followed trends as demonstrated by Macklin et al. [4, 5] with uncovered, composted litter.
Microbial Levels-Phase 1 (d 1 to 5)
The broiler farm, which provided the litter, is typically positive for Salmonella spp. and L. monocytogenes, while C. perfringens and HPC levels are typically 4 log 10 and 10.7 log 10 cfu/g, respectively, following flock removal [1, 6] ; however, following litter collection prior to both treatments, all but C. perfringens (4 log 10 cfu/g) and HPCs (10 log 10 cfu/g) were undetectable. Immediately following composting and noncomposting treatments, microbial levels were then measured (d 1, Table 1 ). As can be seen heterotrophic plate count bacterial levels were as high as 10 log 10 Table 1 ), compared to pre compost levels; no difference was detected following the noncomposting treatment (d 1, Table 1 ). It is likely that the composting process led to competition from nontarget bacteria capable of growth at >50
• C. This temperature increase in turn reduced vegetative C. perfringens levels by 1 order of magnitude as the temperature was not high enough to inactivate recalcitrant C. perfringens spores. Macklin et al. [4] found an overall 2 log 10 decrease in anaerobic populations following the composting process.
Clone libraries, 16S rRNA, demonstrated a reduction in complexity and an overall population shift in composted versus noncomposted litter treatments (Table 2) . Following the composting period, it was clear, using ace OTU estimations, that noncomposted litter was more sequence-rich (i.e., more unique OTUs or sequences) than composted litter (Table 2) . Table 2 shows dissimilarity in community structure following the composting process between composted and noncomposted litter at d 8. Despite the presence of more unique sequences (0.03 OTU cutoff) in noncomposted litter, libraries from compost and noncomposted treatments shared some sequences immediately following the composting process (Table 2) . Though, Libshuff analysis (i.e., measure of diversity) in Mothur demonstrated significant differences in sequence library composition ( Table 2 ). The higher temperatures involved with the composting process most likely selected against heatlabile bacteria; sequences belonging to the phylum Firmicutes represented approximately 70% of sequences, while in noncomposted litter they 4 Significance level following pairwise correction (P < 0.004). * = Not significant; * * = Significant below corrected alpha value. 5 Regarding shared ace, the larger the number, the more shared richness. 6 Regarding Sorensen estimation (est), the smaller the number, the more shared membership. Regarding Yue Noncomposted litter at d 8 and 50 comprised 599 and 570 clone sequences, respectively. ND = Not determined. 2 Comparison results using Ribosome Database Project Library Comparison tool. * = P > 0.05; * * = P < 0.05; * * * = P < 0.01; * * * * = P < 0.001; NA = Not applicable.
represented < 30% (Table 3 ). The Ribosome Database Project II database sequence classifier also demonstrated that composted litter had a statistically significant reduction in members of the phylum Proteobacteria (Table 3) . These 2 phyla, Firmicutes and Proteobacteria, mark environmentally resistant and labile populations, respectively, which suggest the effectiveness of the windrowing process. Firmicutes represent bacteria noted for their spore-forming and thick peptidoglycan cell walls which can resist sudden changes in the environment. The more environmentally labile Proteobacteria sequences represented ∼48% in the noncomposted microcosms, but only 16% in the composted population. These data suggest an overall less complex and enriched bacterial community following composting. While on the surface, the effect on the bacterial community may appear to be successful, the reduction in some of these communities may alter early bird development as many of these microbial constituents contribute to early bird microfloral development [31] . However, it appears that the reduction in pathogens far outweighs any negative repercussions associated with reduction in commensal bacteria. A less complex litter microflora may provide open niches for pathogens as has been demonstrated in other waste treatments [8] . Reduction in pathogens was achieved with the noncomposted treatment as well, but without the reduction in commensal bacteria.
Microbial Levels-Phases 2 to 3 (d 6 to 57)
The grow-out microcosm period (Table 1 ) was divided by a pathogen (d 6 to 35) and pathogen-free phase (d 36 to 57), whereby the former, pathogen-inoculated fecal matter (representing infected birds) was applied to each microcosm, while the latter applied pathogen-free fecal matter. Throughout the grow-out period, HPC bacteria levels were similar between both treatments. Salmonella was not significantly different at d 8, but by d 15 composted litter maintained levels significantly higher than noncompost (Table 1) . Additionally, d 15 and 22 Listeria levels in composted litter were significantly greater than in noncomposted litter. Campylobacter levels in composted litter were also significantly greater at d 15. In fact, Campylobacter was not detected in noncomposted litter, while it was detected at greater than 6 log 10 cfu/g in composted litter (Table 1) . By d 29, noncomposted litter Salmonella and Campylobacter levels were significantly greater than in composted litter. C. perfringens levels were similar in both treatments throughout the grow-out period. The second phase of the grow-out period (pathogen-free fecal matter) marked a sharp drop in culturable pathogens beginning with d 36; greater than 1 log 10 decreases were noted for all pathogens and both treatments ( Table 1) . Listeria and Campylobacter were below detection limits by d 36. As expected Campylobacter jejuni was recalcitrant to colonization. All levels of Campylobacter jejuni were below detection limits once pathogen-free fecal matter was applied (d 36 to 57). The use of qPCR to detect Campylobacter DNA proved to be too sensitive as large quantities were detected during d 8 and 50, at statistically similar levels ( Table 4 ). The detection of large amounts of DNA may indicate a viable but nonculturable state for Campylobacter, or that DNA from nonviable cells was detected. Upon reaching d-50, all culturable pathogens were below detection limits (Table 1) .
In the early portion of the grow-out, it was noted that composted microcosms, when challenged with inoculated fecal matter, were more susceptible to colonization than noncomposted, at least for L. monocytogenes, Campylobacter jejuni, and S. enterica. The early colonization was most likely due to a decrease in the overall microbial diversity of the composted microcosms at the onset of the study (Tables 2 and 3) ; however, NH 3 levels may have also enabled early colonization. Ammonia generation by composted microcosms was slightly lower, though not significantly (P > 0.05), than the noncompost treatment during the first week. Though not significant, the fact that composted litter contributed less ammonia (233 vs. 284 ppm, compost and noncompost, respectively), may have provided a lower colonization threshold [5] . By d 15 ammonia levels were a moot point, as both litter treatments were colonized by Salmonella and C. perfringens; however, it appeared that composted litter remained more subject to colonization than the noncompost treated litter, at least until d 36.
While the study design did not permit the free exchange of gases, as would be typical in a broiler concentrated animal feeding operation (CAFO), it did demonstrate the capability of ammoniaproducing bacteria in the composted treatment. The composting process reduced bacterial populations and thus created an environmental niche [5] whereby ammonia-producing bacteria could establish. Despite the fact that ammonia levels were not statistically different from d 8 to 15 (data not shown), NH 3 levels were greater in noncomposted litter (239 vs. 193 ppm, noncompost and compost, respectively), while at d 29 and 58, composted litter produced more NH 3 (145 vs. 190 ppm, noncompost and compost, respectively). Of the sequences identified at the genus level, at least 35% (data not shown) were capable of producing ammonia; the majority of these sequences were found in compost-treated litter at d 8. The reverse was true by the end of the flock cycle with the majority of relevant sequences being found in noncomposted litter. It is interesting to note that ammonia levels were greater in composted litter by the end of the flock cycle, though there were significantly fewer genera capable of producing ammonia (data not shown). It should be noted that while 16S rRNA clone libraries provide insight into the microbial population, they are not exhaustive, and thus, other ammonia producing genera may be unaccounted. In all likelihood, the composting process drove off initial ammonia and most likely reduced the number of ammonia-producing bacteria. The addition of fecal matter, in turn, allowed ammoniaproducing bacteria to occupy vacated niches, proliferate, and drive off available ammonium as ammonia in the composted litter during d 22 to 50. On the other hand, the noncomposted litter did not heat to the same degree as the composted litter, thus preserving ammonia which would be volatized during d 8 to 15, when temperatures increased from 30 to
35
• C. Ammonia levels produced in these microcosms most likely represent a higher than average level than would be seen in a broiler CAFO [32] . Table 3 shows the effect of composting on the general bacterial population as measured with 16S rRNA clone libraries and Mothur OTU classifications and analyses. Samples collected following the composting procedure resulted in reduced species richness as estimated by ace OTU estimations, when compared to noncomposted litter ( Table 2) . While species richness did increase from d 8 to 50 for the composted litter, it never recovered to the levels which the noncomposted litter achieved during that same time period. Species richness demonstrates the marked effect that composting has on removing and reducing the bacterial population, thus changing the overall commensal population. While many of these changes most likely serve to reduce pathogens and nuisance microorganisms, it is possible that desirable populations are reduced. For instance, reductions in these populations may lead to early pathogen colonization of the litter, as noted above, which can compromise chick health. Composted and noncomposted litter libraries were more dissimilar early in the flock cycle as demonstrated by Y&C Theta and Sorensen estimator calculators; the effect of time became apparent by d 50 when composted and noncomposted litter libraries were more similar to one another (Table 2 ). Time had the most effect on noncomposted litter, as libraries compared between time points were most dissimilar (noncomposted litter at d 8 and 50) as demonstrated by Sorensen and Y&C Theta calculations (Table 2) . Ace estimation demonstrated shared sequences (i.e., OTUs) between compost and noncomposted treatments at d 50 (Table 2) , and further revealed that species richness was similar after treatment effects were made moot, most likely following d 29. Furthermore, the 16S rRNA libraries were compared (community diversity) using libshuff in Mothur, which confirmed the overall similarity in populations between the treatments (d 50). The Simpson diversity index indicated that noncomposted treatments were more diverse at d 8, while composted treatments were more diverse by d 50, though still not as diverse as d 8 treatments (data not shown).
Composting most likely reduced some of the key microbial constituents known to cause problems in early chicken health [3] , but once a point was reached at which fecal matter accounted for the upper 5 cm litter, the effect of composting was reduced (Tables 2 and 3 ). The use of 16S rRNA clone libraries proved to be a useful tool in detecting subtle shifts in the microbial population as a result of the composting, which may not have been otherwise noted using culturable HPC counts. These shifts were noted, as more than 2,100 clones were analyzed to demonstrate the differences in initial population structure between the 2 treatments, followed by the reestablishing of the final stage microbial population in which no differences were noted. Table 3 demonstrates the near identical distribution of sequence proportions within both composted and noncomposted litter by d 50, compared with d 8 proportions. The repeated deposition of fecal matter would reduce the short term microbiological and chemical effects of poultry litter chemical treatments [33] , and likewise, exhibited a similar effect on the composted litter. Based on pathogen levels and fecal load in treatments, population diversity most likely reestablished around d 22 and stabilized during the remainder of the grow-out period so that by the time the final theoretical chickens were removed, the presence of a strong commensal population was present. The presence of an established commensal population works in the favor of the broiler operator as the high levels of background bacteria can only serve to out-compete or inhibit any foreign challenges from foodborne bacteria as was noted in this study. The presence of foodborne bacteria was reduced dramatically by d 29 of the study, despite a relatively favorable environment (i.e., organic matter, moisture, and temperature), when inoculated fecal matter was no longer used. The population, from d 29 through 50, served to reduce and out-compete the pathogens, which were present at high levels through d 29. This has been noted recently in the field as well [6] ; d 22 of the grow-out cycle is typically noted as a time when healthier adult birds with more established immune systems and internal microflora are present which leads to reduced detection of foodborne pathogens [1] . Improved gut microflora thus affects the litter microflora, and vice versa in a feedback cycle. It is important to note, that while the intended purpose of this study was to mimic colonization of litter via high-shedding birds, inoculation levels were also chosen to facilitate detection above background microflora and thus human or poultry infectious risk value may not be deduced from this study. The study demonstrates the ability for foodborne pathogens to more readily colonize in-house composted litter compared to traditionally managed litter early in the flock cycle. The fact that broilers are reared on contaminated litter may suggest that a lower threshold of colonization, as a result of in-house composting, could potentially place susceptible chicks/birds at risk of infection.
